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PROBLEM TO BE SOLVED: To provide a fluorescent 
correlation spectroscopically analyzing method and 
device with a small observation space volume as 
required, which is simple and movable to allow 
observation in an area, hard to approach. 
SOLUTION: In a fluorescent correlation 
spectroscopically analyzing method and device to allow 
the observation of drift velocity, diffusion coefficient and 
volume shrinkage, excited light emitted from a light 
source 1 is guided to a fiber coupler 3 via the first 
optical fiber wave guide 2 and then to specimen 6 via 
the second optical fiber wave guide 4 and fluorescent 
light emitted from specimen particles is guided to the 
fiber coupler 3 via the second optical fiber wave guide 4 
and then to a detector 1 0 via the third optical fiber wave 
guide 8. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 



[Claim(s)] 

[Claim 1] The fluorescence correlation optical analysis approach of guiding to a fiber coupler (3) 
with the 1st optical fiber waveguide (2), guiding the excitation light emitted according to the light 
source (1) to a sample (6) with the 2nd optical fiber waveguide (4) after this, guiding to a fiber 
coupler (3) with the 2nd optical fiber waveguide (4) t and guiding the fluorescence emitted by the 
sample particle to a detector with the 3rd optical fiber coupler (8) after this. 
[Claim 2] The excitation light emitted according to the light source (1) with the 1st optical fiber 
waveguide (4) in a sample (6) The fluorescence emitted by the sample particle is guided to a 
detector (10) with the optical fiber waveguide (8) of further others. The fluorescence correlation 
optical analysis approach which the excitation light to which each edge of these optical fiber 
waveguide of the direction near a sample was emitted arrives at a sample band, and is arranged 
so that future fluorescence can be detected. 

[Claim 3] The claim (1) or the approach by (2) one piece or two or more optical fiber waveguides 
are mono-mode waveguides. 

[Claim 4] The approach by either of a claim (1) to (3) immersed into a sample solution in the 
optical fiber waveguide edge near a sample, or both optical fiber waveguide each edge of the 
direction near a sample. 

[Claim 5] The approach by either of the above-mentioned claims which isolate the optical fiber 
waveguide edge near a sample, or both optical fiber waveguide each edge of the direction near a 
sample from a sample by the clear layer. 

[Claim 6] The approach by either of the above-mentioned claims the vertical line to the front 
face of the optical fiber waveguide edge of the direction near a sample accomplishes especially 
the include angle of at least 1 degrees or more, and an include angle from which the reflective 
part from the above-mentioned front face of excitation light does not return to a fiber nucleus to 
a fiber axis. 

[Claim 7] The approach by either of the above-mentioned claims that the optical fiber edge of 
the direction near a sample or both optical fiber each edge of the direction near a sample 
accomplishes the extended tip, and the peripheral surface part near at this tip is covered with 
the vacuum evaporation© metal. 

[Claim 8] The method by either of the above-mentioned claims of keeping spacing of a 
dimension smaller than 0.1mm, and being equipped with the board from the optical fiber 
waveguide edge of the direction near a sample. 

[Claim 9] The approach by either of the above-mentioned claims combined with the optical fiber 
waveguide with which both optical fiber waveguide each edge of the direction near the optical 
fiber waveguide edge or sample of the direction near a sample is combined with the input edge of 
a multiplexer, and two or more of the outgoing end sections are combined with a sample by the 
optical fiber waveguide, or two or more light sources reach a sample through a multiplexer. 
[Claim 10] It is equipment for enforcing the approach by either of (9) from a claim (1). The light 
source by which this is combined with the fiber coupler (3) with the 1 st optical fiber waveguide 
(2) (1), Equipment possessing the detector (10) combined with the fiber coupler (3) by the 2nd 
optical fiber waveguide (4) combined with the sample (6) by this optical fiber coupler (3), and the 
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3rd optical fiber waveguide (8). 

[Claim 1 1] It is equipment for enforcing the approach by either of (9) from a claim (1). The 
detector (10) combined with the sample (6) by the light source (1) and the optical fiber 
waveguide (8) which are combined with the sample (6) by the optical fiber waveguide (4) is 
provided. Equipment relatively arranged so that both [ these ] optical fiber waveguide each edge 
of the direction near a sample can detect the fluorescence which guides the emitted excitation 
light to a sample band, and is emitted after this. 

[Claim 12] The claim (10) or equipment by (1 1) one piece or two or more optical fiber 
waveguides of whose are mono-mode waveguides. 

[Claim 13] Equipment by either of a claim (10) to (12) immersed into the sample solution in both 
optical fiber waveguide each edge of the direction near the optical fiber waveguide edge or 
sample of the direction near a sample. 

[Claim 14] The approach by either of a claim (10) to (13) both optical fiber waveguide each edge 
of the direction near the optical fiber waveguide edge or sample of the direction near a sample is 
isolated from the sample by the clear layer. 

[Claim 15] Equipment by either of a claim (10) to (14) with which the vertical line to the front 
face of the optical fiber waveguide edge of the direction near a sample accomplishes especially 
the include angle of at least 1 degrees or more, and an include angle from which the reflected 
light part from the above-mentioned front face of excitation light does not return to a fiber 
nucleus to a fiber axis. 

[Claim 16] Equipment by either of a claim (10) to (15) with which both optical fiber waveguide 
each edge of the direction near the optical fiber waveguide edge or sample of the direction near 
a sample accomplishes the extended tip and by which the peripheral surface part near at this tip 
is covered with the vacuum evaporationo metal. 

[Claim 17] Equipment by either of the above-mentioned claims with which spacing of a 
dimension smaller than 0.1mm is kept from the optical fiber waveguide edge of the direction near 
a sample, and it is equipped with the board [claim 18] Equipment by either of a claim (10) to (17) 
combined with the optical fiber waveguide with which both optical fiber waveguide each edge of 
the direction near the optical fiber waveguide edge or sample of the direction near a sample is 
combined with the input edge of a multiplexer and two or more of the outgoing end sections are 
combined with a sample by the optical fiber waveguide, or two or more light sources reach a 
sample through a multiplexer. 
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httD://www4.iDdl.ncipi.wjp/cri-bin^ 2005/06/20 



JP.08-068694.A [DETAILED DESCRIPTION] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1/6 ^-v 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach and equipment which measure the 
drift velocity of the particle which originally emitted fluorescence especially or was ******(ed) 
with the fluorescent material and a thermal diffusion constant about fluorescence correlation 
spectroscopy (FCS)-analytical method and equipment. 
[0002] 

[Description of the Prior Art] FCS is a well-known approach for measuring the drift velocity of a 
particle, a diffusion coefficient, and volume contraction, for example, D in Phys.Rev.lett.29 (1972) 
705-708 page, MAGUDE. E and L, Elson and W and W, the thesis of a web, 1991 , the New York 
** plenum, press company **, and "TOPICS, Inn, a fluorescence and 

SUPEKUTOROSUKORAPf (volume J, R, and on RAKOWITCHI) — such an approach is indicated 
by the thesis of the 1st volume, N in 337 - 410 pages, L, and Tom Sun. 
[0003] In the FCS method, a sample particle is excited by the excitation light supplied and 
fluorescence is emitted in a part of sample solution volume. Uptake of this fluorescence is 
carried out and a detector is supplied. The photon rate currently recorded on the detector 
changes with the number of the particles which exist in specific time amount in the space 
volume currently observed. An autocorrelation function is used for the various parameters 
mentioned above, and they may be computed from fluctuation of this signal. 
[0004] Required fluctuation has the small space volume currently observed, therefore enters 
here, and when the particle which comes out from here changes at a signal rate, it occurs. Since 
it averages statistically, and the particle of the same number enters in the observation space 
volume and comes out correctly after this when that is not right a signal rate cannot stop 
regularly and cannot evaluate the signal measured in this case. 

[0005] The space volume generally observed is method micron extent of several [-fold ], and it 
is one of the important technical problems of FCS to bring about such volume. 
[0006] This technical problem may be solved by using a ****** microscope lens system. In the 
exposure path length and observation path length of standard microscope equipment, pinhole 
porous space is prepared in a middle image side, respectively, therefore the image of the 
exposure porous space in the object under observation appears in an exposure porous space 
message correctly. 

[0007] However, with such equipment, there is a serious disadvantageous point brought about 
from use of optical system. Optical system is high cost, and its volume is large, and it is 
complicated, and it passes over it very sensitively to dust and vibration. [ of accommodation ] 
Moreover, use while such optical system moves is completely impossible. Since the sample 
which should be observed must always be directly laid to optical system, observation of access 
impossible, such as inside of the body, or a remarkable difficult part cannot do such optical 
system in a pipeline. 
[0008] 

[Problem(s) to be Solved by the Invention] Then, the purpose of the technical problem which 
should be solved in this technical field thru/or this invention brings about the minute observation 
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space volume needed, is brief, and is offering the fluorescence correlation spectroscopy- 
analytical method and equipment to which migration use and the observation in the band which 
cannot approach easily are closed if . 
[0009] 

[Means for Solving the Problem] If this invention shows the comprehensive description about the 
approach and equipment which are regulated in the claim, it is brief and, moreover, it relates to 
still more movable fluorescence correlation spectroscopy-analysis, a measuring method, and 
equipment also in the band where access is difficult 

[0010] In this new approach, excitation light is turned to a fiber coupler with the 1st optical fiber 
waveguide, turns it to a sample with the 2nd optical fiber waveguide from here, and is guided. 
The fluorescence emitted by the sample particle corresponding to this is guided to a fiber 
coupler by the 2nd waveguide of the above, and is guided to detection equipment by the 3rd 
optical fiber waveguide after this. 

[001 1] In the alteration embodiment, the fluorescence by which the excitation light emitted 
according to the light source is emitted to a sample by the optical fiber waveguide by the sample 
particle corresponding to this is guided to a detector by the optical fiber waveguide of further 
others. 

[0012] In a desirable embodiment, an optical fiber mono-mode waveguide is used the light 
source, a sample, a detector, and if needed for the part between fiber couplers, or all optical 
transmissions. 

[0013] Furthermore, in other desirable embodiments, it is immersed by the optical fiber 
waveguide edge into a sample solution, or the above-mentioned edge is isolated from a sample 
by the clear layer. 

[0014] When two separate optical fibers are used for excitation and detection, it is immersed 
into a sample solution or the edge of these one side or both is isolated by the clear layer after 
this. 

[0015] Furthermore in other desirable embodiments, the optical fiber waveguide edge of the 
direction near a sample accomplishes an inclined plane. If it puts in another way, the 
perpendicular to this edge front face will accomplish the include angle of at least 1 degree to an 
optical fiber axis. Thereby, the reflected light part of excitation light is made as [ return / in a 
fiber nucleus ]. When an optical fiber waveguide separate for excitation and detection is used, 
one [ the both or ] end face is made in the inclined plane mentioned above. 
[0016] Moreover, in other desirable embodiments, the edge of the 2nd optical fiber waveguide 
forms a tip by enlargement, and metallic coating by vacuum evaporationo is formed in the cone- 
like peripheral surface part. 

[0017] When a fiber separate for excitation and detection is used, formation at the above- 
mentioned tip of enlargement and metal vacuum evaporationo covering are brought to the edge 
of one of these, or both. 

[0018] Moreover, in a desirable embodiment, spacing of 0.1mm or less is kept from the 2nd 
optical fiber waveguide edge of the direction near a sample, and it is equipped with a board. When 
an optical fiber waveguide separate for excitation and detection is used, both the waveguide 
edge may be equipped with the above-mentioned board. 

[0019] The new equipment which enforces fluorescence correlation spectroscopy-analytical 
method by above-mentioned this invention has the 1st optical fiber waveguide which connects 
the light source and a fiber coupler. Moreover, this fiber coupler is connected to a sample and 
the 3rd optical fiber waveguide connects [ the 2nd optical fiber waveguide ] a fiber coupler to a 
detector, respectively. 

[0020] In desirable embodiment equipment, one of the optical fiber waveguide or all the 
waveguides for connecting an optical coupler the light source, a sample, a detector, and if 
needed are mono-mode waveguides. 

[0021] In still more desirable embodiment equipment on the other hand, when [ of the 2nd 
optical fiber waveguide ] the edge is made as [ immerse / into a sample solution ] and the 
separate optical fiber waveguide for excitation and detection is used, the edge of either of both 
[ these ] the waveguides or both is made in this way. 
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[0022] Furthermore in other desirable embodiment equipments, the 2nd optical fiber waveguide is 
isolated from the sample by the clear layer, and when a respectively separate optical fiber 
waveguide is used for excitation and detection, clear layer isolation of the edge of one side of 
both this waveguide or both is carried out. 

[0023] In other desirable embodiment equipments, the edge of the direction near the sample of 
the 2nd optical fiber waveguide is formed as a slant face, the perpendicular to that edge front 
face and a fiber axis accomplish the include angle of at least 1 degree, and the reflected light 
part in this inclined plane of excitation light is made as [ return / to an optical fiber nucleus ]. 
When an optical fiber waveguide separate for excitation and detection is used, such an inclined 
plane is formed in one edge of these both, or both each edge. 

[0024] It is formed as a tip according [ on still more desirable embodiment equipment and / the 
2nd optical fiber waveguide edge of the direction near a sample ] to enlargement, and vacuum 
evaporationo golden covering is ******** j n **** to the cone-like peripheral surface near this. 
When an optical fiber waveguide separate for excitation and detection is used, it extends at each 
edge of the direction near these both sample, and a tip is formed, and vacuum evaporationo 
metallic coating is **** in ****. 

[0025] Moreover, in desirable embodiment equipment, spacing of 0.1mm or less is kept from the 
edge of the direction near the sample of the 2nd optical fiber waveguide, and it is equipped with 
a board. When an optical fiber waveguide separate for excitation and detection is used, both both 
[ these ] waveguide each both [ either or ] are countered, and it is equipped with the above- 
mentioned board. 
[0026] 

[Embodiment of the Invention] With reference to the accompanying drawing which explains a 
desirable embodiment below, this invention is explained still more concretely. 
[0027] It is a drawing [ like ] 3 voice, and the light source [ like ] 1 for which drawing 1 explains 
the new approach and the equipment by this invention to a principle target and which is generally 
laser or a laser diode emits excitation light, and this is supplied to the 1st optical fiber waveguide 
2. This excitation light is supplied to a sample 6 through the fiber coupler 3 and the 2nd fiber 
waveguide 4. 

[0028] Although the rate of flow of this sample particle 6, a diffusion coefficient, and volume 
contraction are observed and measured, this particle emits fluorescence or is marked by the 
fluorescence particle. Uptake of the fluorescence induced by this supplied excitation light is 
carried out with the 2nd optical fiber waveguide 4, and it is supplied to a detector 10 through the 
fiber coupler 3. In order to absorb the excitation light part which is going to reflect and return in 
a fiber interface, it is desirable to equip the front face of a detector with the spectrum filter 9. 
[0029] The observation space volume needed is brought about when excitation light reaches a 
sample 6 directly from the edge of the 2nd optical fiber waveguide 4. Excitation light collides with 
the sample particle in the barrel which has the diameter of several microns for the minute fiber 
diameter of about several [ only ] microns. Since the depth to which light advances into a sample 
in the die-length direction of a fiber is also small, the observation space volume brought about 
by this is number cube micron extent 

[0030] According to this invention approach, it is not necessary to use a microscope lens 
system for observation and measurement. Since this invention equipment is brief for this reason 
and strong, it can use it. being able to move FCS equipment, the FCS measuring method by this 
invention is like [ since the optical fiber waveguide is very compact ] piping, an engine 
combustion tooth space, and the body — or it is hard to access, even place [ narrow ], it may 
carry out easily. 

[0031] Since excitation light is drawn into index matching liquid through the fiber waveguide 5 of 
further others as shown in drawing 1 at B when using the fiber coupler of the four gates, it is 
advantageous about detection. Since the refractive index of a fiber waveguide and index- 
matching liquid is the same, extraction ****** is prevented for the reflected light at the edge of 
a fiber waveguide 5. 

[0032] The alteration embodiment of this invention is shown in (C) of drawing 1 , the excitation 
light emitted by the light source 1 in this case is supplied to a sample 6, and a return in the 
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detector 10 of the detected fluorescence is performed by two separate fiber waveguides 4 and 
10. These waveguides are made to suit by a different excitation light and the different 
fluorescence of wavelength. Since too much excitation light can go into a detection fiber, the 
spectrum filter arranged ahead of a detector is desirable. In order to obtain the limited 
observation space, two fiber waveguide edges must supply a sample part with excitation light 
mutually during measurement, and must occupy the location which can detect future 
fluorescence. (A) of draw ing 2 and (B) show the possible arrangement mode of the excitation 
fiber 13 and the detection fiber 15. The observation space volume 1 1 is brought about from the 
superposition part of the light emission hypostome 12 of an excitation fiber, and the optical 
receipt cone 14 of a detection fiber. Excitation light can be reflected in a reflector 16 again. 
[0033] In a desirable embodiment, a fiber waveguide consists of mono-mode waveguides. 
Compared with a multimode waveguide, these mono-mode waveguide has the small cross 
section, therefore can make the observation space volume still smaller. 

[0034] In a desirable embodiment it is immersed by one side of these fiber waveguides, or both 
edge into a sample solution. Thereby, even if access of the immersion location in a sample is 
difficult it can measure easily in every location in a sample. 

[0035] The embodiment of further others is shown in drawing 3 , and the fiber waveguide is 
separated from the sample by the clear layer 23, without being directly immersed in a sample 22 
in this case. A part of vessel wall is sufficient as this detached core 23. Thereby, FCS 
measurement may be performed, without contacting a sample directly. To an optical fiber, this 
has a sample advantageous to things, when chemical or physically harmful. 
[0036] It is 1 to the line 35 by which the embodiment of further others of this invention is shown 
in d rawing 4 , a nucleus 32 and the edge of the fiber waveguide which consists of covering 31.33 
accomplish an inclined plane in this case, and the fiber edge aspect 34 and the fiber axis-of- 
ordinate line 36 cross at right angles, more large — desirable — 1. since — 10. **** is 
accomplished. When a fiber edge accomplishes an inclined plane unlike the left of drawing 4 , a 
part of excitation light reflected by this inclination interface 34 does not return in the nucleus 32 
of a fiber waveguide. Thereby, it sets between fluorescence detection, and occurrence of a 
background signal is prevented thru/or mitigated. 

[0037] Draw i ng 5 shows other advantageous embodiments of this invention further, the edge of 
the fiber waveguide which consists of covering 41 and a nucleus 42 is extended by heating, **** 
is accomplished, and the vacuum evaporationo metal layer is given to the inclination peripheral 
surface from this ****. This vacuum evaporationo is performed so that the orifice 44 by which 
the diameter was made small at about 20nm of **** neighborhoods may be left behind. 
Therefore, compared with the case where a mono-mode fiber waveguide is used, the observation 
space volume is ****(ed) further. 

[0038] The enlargement **** of the fiber covered with the vacuum evaporationo metal layer 
itself is well-known from scanning indicated by the thesis of E. BETSUIHI in 189 pages and J.K. 
TORAUTOMAN of "Science" 257 (1992), E[ in / similarly / 1422 pages of "Science" 262 
(1993) ]. BETSUIHI, and R.J. Chichester, near-field, and an optical ** microscopy (SNOM). Fiber 
**** is made to **** a sample top in this SNOM. It is obtained from the brightness from which 
the image on the front face of a sample changes according to the location of the reflected light. 
[0039] In the desirable example shown in drawing 6 , the spacing d smaller than 0.1mm is kept 
from the edge of a fiber waveguide 51, and it is equipped with the board 52. The observation 
space volume 53 is further ****(ed) by changing this spacing d. 

[0040] Do the approach and equipment which were mentioned above to measure two or more 
samples to coincidence with the combination. Therefore, signal detection uses two or more 
detectors, or can be performed by a series of multiplexer processings. An easy and cheap fiber 
technique is especially suitable for the multiplexer method ( drawing 7 ). In this case, excitation 
light reaches a sample 6 through multiplexer 4a and fiber waveguide 4b of further others from a 
fiber waveguide 4. Various excitation light reaches the different sample 6 continuously quickly, 
and the fluorescence from these is detected. In other deformation embodiments, much light 
sources are combined with a sample through a multiplexer, and the coincidence measurement by 
the excitation light of different wavelength by this is made possible. This is advantageous when 
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analyzing two or more kinds of particles which show the fluorescence behavior which is different 

to the same sample volume, for example. 

[0041] 

[Example] 

As one example of measurement example 1 this invention, the equipment corresponding to 
drawing 1 was used for the underwater density measurement of the latex particle which put a 
mark by fluorescence. 

[0042] The 0.2-% of the weight concentration aquosity dispersion liquid of the polystyrene latex 
particle of the diameter of 110nm were stirred in the container. ****** processing of this latex 
particle was carried out by the fluorescent dye tetramethyl rhodamine. 
[0043] The fiber waveguide of the inclination end face (phi= 8.) which has the nucleus of the 
diameter of 3 micrometer was immersed into the sample solution, fluorescence was brought 
about by the Ar ion laser with a wavelength of 514nm, and it detected through 550nm wavelength 
pass filter by the photo multiplier. 

[0044] Transmitting the signal memorized by the detector to electronics correlation equipment, 
generally this correlation equipment computes correlation function k (t) corresponding to the 
following equality from the amplitude of detector signal [ as a function of time amount ] I (t) to 
the variable time T for 30 seconds. 
[0045] 
[Equation 1] 
T 

This correlation function k (t) and the following equality [0046] 
[Equation 2] 
T 

7.-1 / 

Following standardization autocorrelation-functions g (t) was computed by having used the 
****** detector signal Im. 
[0047] 
[Equation 3] 

S<r).M-l 
'm 

It sets to standardization autocorrelation-function g (t) and ( drawing 8 R> 8), and a flow of a 
fluorescence particle is numerical t1/2. The characterized location step is reached. The curve 
shown in the small-circle form which attached the slash in drawing 8 shows the typical 
autocorrelation-function curve in the quiescence (un— flowing) latex dispersion liquid in short 
correlation time. 

[0048] Numerical tl/2 It is obtained from the plotted standardization autocorrelation function by 
determining the original value and final value of a step. These both difference is step height h. 
time amount when a step is halved — 11 / 2 it is . 

[0049] The fluorescence particle which flows through the edge front face of the fiber waveguide 

which has the nucleus of a diameter m at a rate v is a mean time tm [0050]. 

[Equation 4] 

t - Km 
m " 4v 

It is in the light which appears from this nucleus between **. 

[0051] Autocorrelation-function g (t) is reduced to the one half, while time amount 0.5tm 
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(tm=2t1/2) passes. 

[0052] therefore, a desirable drift velocity — measured-value t1 / 2 from — it is computed. 

[0053] 

[Equation 5] 

Drawing 8 is t1/2 which shows the measured standardization autocorrelation function. The value 
was computed by the approach mentioned above as t1/2 =190microsecond. The RATEKKU 
particle average style rate of 6.2 mm/s is computed after this. Turning of a stirrer rate brings 
about high drift velocity or low drift velocity. 

[0054] Drawing 9 shows the measurement fluorescent brightness as a function of latex particle 
concentration. Wide range linear relation exists between the concentration in a liquid of a 
particle, and the measured brightness, therefore such concentration in a strange sample of a 
latex particle may be determined by using drawing 9 as a calibration curve. It is shown that both 
graphs have a measurement curve and a proofreading curve in linear relation over a large density 
range. 

[0055] When the measurement example 2 fluorescence particle is flowing under the effect of 
diffusion, the standardization autocorrelation function measured is shown by the bottom type. 
[0056] 
[Equation 6] 

«<f)=P(-L_) 

tau in a formula shows the average diffusion time which needs a particle for a wrap for spacing 
of a dimension with a particle equal to the nucleus diameter m. This time amount tau is made to 
be connected with m by the diffusion coefficient D. 

[0057] The diffusion coefficient about the spherical particle which has the m2 =4Dtau diameter a 
may be immediately computed from a particle diameter. 
[0058] 
[Equation 7] 

3ny\a 

k is [ temperature and ** of a Boltzmann's constant and T ] envelopment medium viscosity 
among a formula. 

[0059] Therefore, if curve g (t) by above-mentioned equality suits the measured autocorrelation 
function, particle size may be determined from a numeric value as a result of tau. 
[0060] 
[Equation 8] 
4kTx 

3xr\m* 

This condensation may be detected by change of S value when a clear hydrodynamic grain size 
of a fluorescence particle changes with condensation with other particles. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the approach and equipment which measure the 
drift velocity of the particle which originally emitted fluorescence especially or was ******(ed) 
with the fluorescent material, and a thermal diffusion constant about fluorescence correlation 
spectroscopy (FCS)-analytical method and equipment. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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PRIOR ART 

[Description of the Prior Art] FCS is a well-known approach for measuring the drift velocity of a 
particle, a diffusion coefficient, and volume contraction, for example, D in Phys.Rev.lett.29 (1972) 
705-708 page. MAGUDE, E and L, Elson and W and W, the thesis of a web, 1991, the New York 
** plenum, press company **, and "TOPICS, Inn, a fluorescence and 

SUPEKUTOROSUKORAPI" (volume J, R, and on RAKOWITCHI) — such an approach is indicated 
by the thesis of the 1st volume, N in 337 - 410 pages, L, and Tom Sun. 
[0003] In the FCS method, a sample particle is excited by the excitation light supplied and 
fluorescence is emitted in a part of sample solution volume. Uptake of this fluorescence is 
carried out and a detector is supplied. The photon rate currently recorded on the detector 
changes with the number of the particles which exist in specific time amount in the space 
volume currently observed. An autocorrelation function is used for the various parameters 
mentioned above, and they may be computed from fluctuation of this signal. 
[0004] Required fluctuation has the small space volume currently observed, therefore enters 
here, and when the particle which comes out from here changes at a signal rate, it occurs. Since 
it averages statistically, and the particle of the same number enters in the observation space 
volume and comes out correctly after this when that is not right, a signal rate cannot stop 
regularly and cannot evaluate the signal measured in this case. 

[0005] The space volume generally observed is method micron extent of several [-fold ], and it 
is one of the important technical problems of FCS to bring about such volume. 
[0006] This technical problem may be solved by using a ****** microscope lens system. In the 
exposure path length and observation path length of standard microscope equipment, pinhole 
porous space is prepared in a middle image side, respectively, therefore the image of the 
exposure porous space in the object under observation appears in an exposure porous space 
message correctly. 

[0007] However, with such equipment, there is a serious disadvantageous point brought about 
from use of optical system. Optical system is high cost, and its volume is large, and it is 
complicated, and it passes over it very sensitively to dust and vibration. [ of accommodation ] 
Moreover, use while such optical system moves is completely impossible. Since the sample 
which should be observed must always be directly laid to optical system, observation of access 
impossible, such as inside of the body, or a remarkable difficult part cannot do such optical 
system in a pipeline. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Then, the purpose of the technical problem which 
should be solved in this technical field thru/or this invention brings about the minute observation 
space volume needed, is brief, and is offering the fluorescence correlation spectroscopy- 
analytical method and equipment to which migration use and the observation in the band which 
cannot approach easily are closed if . 
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MEANS 

[Means for Solving the Problem] If this invention shows the comprehensive description about the 
approach and equipment which are regulated in the claim, it is brief and, moreover, it relates to 
still more movable fluorescence correlation spectroscopy-analysis, a measuring method, and 
equipment also in the band where access is difficult. 

[0010] In this new approach, excitation light is turned to a fiber coupler with the 1st optical fiber 
waveguide, turns it to a sample with the 2nd optical fiber waveguide from here, and is guided. 
The fluorescence emitted by the sample particle corresponding to this is guided to a fiber 
coupler by the 2nd waveguide of the above, and is guided to detection equipment by the 3rd 
optical fiber waveguide after this. 

[001 1] In the alteration embodiment, the fluorescence by which the excitation light emitted 
according to the light source is emitted to a sample by the optical fiber waveguide by the sample 
particle corresponding to this is guided to a detector by the optical fiber waveguide of further 
others. 

[0012] In a desirable embodiment, an optical fiber mono-mode waveguide is used the light 
source, a sample, a detector, and if needed for the part between fiber couplers, or all optical 
transmissions. 

[0013] Furthermore, in other desirable embodiments, it is immersed by the optical fiber 
waveguide edge into a sample solution, or the above-mentioned edge is isolated from a sample 
by the clear layer. 

[0014] When two separate optical fibers are used for excitation and detection, it is immersed 
into a sample solution or the edge of these one side or both is isolated by the clear layer after 
this. 

[0015] Furthermore in other desirable embodiments, the optical fiber waveguide edge of the 
direction near a sample accomplishes an inclined plane. If it puts in another way, the 
perpendicular to this edge front face will accomplish the include angle of at least 1 degree to an 
optical fiber axis. Thereby, the reflected light part of excitation light is made as [ return / in a 
fiber nucleus ]. When an optical fiber waveguide separate for excitation and detection is used, 
one [ the both or ] end face is made in the inclined plane mentioned above. 
[0016] Moreover, in other desirable embodiments, the edge of the 2nd optical fiber waveguide 
forms a tip by enlargement, and metallic coating by vacuum evaporationo is formed in the cone- 
like peripheral surface part. 

[0017] When a fiber separate for excitation and detection is used, formation at the above- 
mentioned tip of enlargement and metal vacuum evaporationo covering are brought to the edge 
of one of these, or both. 

[0018] Moreover, in a desirable embodiment, spacing of 0.1mm or less is kept from the 2nd 
optical fiber waveguide edge of the direction near a sample, and it is equipped with a board. When 
an optical fiber waveguide separate for excitation and detection is used, both the waveguide 
edge may be equipped with the above-mentioned board. 

[0019] The new equipment which enforces fluorescence correlation spectroscopy-analytical 
method by above-mentioned this invention has the 1st optical fiber waveguide which connects 
the light source and a fiber coupler. Moreover, this fiber coupler is connected to a sample and 
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the 3rd optical fiber waveguide connects [ the 2nd optical fiber waveguide ] a fiber coupler to a 
detector, respectively. 

[0020] In desirable embodiment equipment one of the optical fiber waveguide or all the 
waveguides for connecting an optical coupler the light source, a sample, a detector, and if 
needed are mono-mode waveguides. 

[0021] In still more desirable embodiment equipment, on the other hand, when [ of the 2nd 
optical fiber waveguide ] the edge is made as [ immerse / into a sample solution ] and the 
separate optical fiber waveguide for excitation and detection is used, the edge of either of both 
[ these ] the waveguides or both is made in this way. 

[0022] Furthermore in other desirable embodiment equipments, the 2nd optical fiber waveguide is 
isolated from the sample by the clear layer, and when a respectively separate optical fiber 
waveguide is used for excitation and detection, clear layer isolation of the edge of one side of 
both this waveguide or both is carried out. 

[0023] In other desirable embodiment equipments, the edge of the direction near the sample of 
the 2nd optical fiber waveguide is formed as a slant face, the perpendicular to that edge front 
face and a fiber axis accomplish the include angle of at least 1 degree, and the reflected light 
part in this inclined plane of excitation light is made as [ return / to an optical fiber nucleus ]. 
When an optical fiber waveguide separate for excitation and detection is used, such an inclined 
plane is formed in one edge of these both, or both each edge. 

[0024] It is formed as a tip according [ on still more desirable embodiment equipment and / the 
2nd optical fiber waveguide edge of the direction near a sample ] to enlargement, and vacuum 
evaporationo golden covering is ******** in **** to the coneHike peripheral surface near this. 
When an optical fiber waveguide separate for excitation and detection is used, it extends at each 
edge of the direction near these both sample, and a tip is formed, and vacuum evaporationo 
metallic coating is **** in ****. 

[0025] Moreover, in desirable embodiment equipment, spacing of 0.1mm or less is kept from the 
edge of the direction near the sample of the 2nd optical fiber waveguide, and it is equipped with 
a board. When an optical fiber waveguide separate for excitation and detection is used, both both 
[ these ] waveguide each both [ either or ] are countered, and it is equipped with the above- 
mentioned board. 
[0026] 

[Embodiment of the Invention] With reference to the accompanying drawing which explains a 
desirable embodiment below, this invention is explained still more concretely. 
[0027] It is a drawing [ like ] 3 voice, and the light source [ like ] 1 for which drawing 1 explains 
the new approach and the equipment by this invention to a principle target and which is generally 
laser or a laser diode emits excitation light, and this is supplied to the 1st optical fiber waveguide 
2. This excitation light is supplied to a sample 6 through the fiber coupler 3 and the 2nd fiber 
waveguide 4. 

[0028] Although the rate of flow of this sample particle 6, a diffusion coefficient, and volume 
contraction are observed and measured, this particle emits fluorescence or is marked by the 
fluorescence particle. Uptake of the fluorescence induced by this supplied excitation light is 
carried out with the 2nd optical fiber waveguide 4, and it is supplied to a detector 10 through the 
fiber coupler 3. In order to absorb the excitation light part which is going to reflect and return in 
a fiber interface, it is desirable to equip the front face of a detector with the spectrum filter 9. 
[0029] The observation space volume needed is brought about when excitation light reaches a 
sample 6 directly from the edge of the 2nd optical fiber waveguide 4. Excitation light collides with 
the sample particle in the barrel which has the diameter of several microns for the minute fiber 
diameter of about several [ only ] microns. Since the depth to which light advances into a sample 
in the die-length direction of a fiber is also small, the observation space volume brought about 
by this is number cube micron extent 

[0030] According to this invention approach, it is not necessary to use a microscope lens 
system for observation and measurement. Since this invention equipment is brief for this reason 
and strong, it can use it, being able to move FCS equipment, the FCS measuring method by this 
invention is like [ since the optical fiber waveguide is very compact ] piping, an engine 
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combustion tooth space, and the body — or it is hard to access, even place [ narrow ] f it may 
carry out easily. 

[0031] Since excitation light is drawn into index matching liquid through the fiber waveguide 5 of 
further others as shown in drawin g 1 at B when using the fiber coupler of the four gates, it is 
advantageous about detection. Since the refractive index of a fiber waveguide and index- 
matching liquid is the same, extraction ****** is prevented for the reflected light at the edge of 
a fiber waveguide 5. 

[0032] The alteration embodiment of this invention is shown in (C) of drawing 1 , the excitation 
light emitted by the light source 1 in this case is supplied to a sample 6, and a return in the 
detector 10 of the detected fluorescence is performed by two separate fiber waveguides 4 and 
10. These waveguides are made to suit by a different excitation light and the different 
fluorescence of wavelength. Since too much excitation light can go into a detection fiber, the 
spectrum filter arranged ahead of a detector is desirable. In order to obtain the limited 
observation space, two fiber waveguide edges must supply a sample part with excitation light 
mutually during measurement and must occupy the location which can detect future 
fluorescence. (A) of drawing 2 and (B) show the possible arrangement mode of the excitation 
fiber 13 and the detection fiber 15. The observation space volume 1 1 is brought about from the 
superposition part of the light emission hypostome 12 of an excitation fiber, and the optical 
receipt cone 14 of a detection fiber. Excitation light can be reflected in a reflector 16 again. 
[0033] In a desirable embodiment, a fiber waveguide consists of mono-mode waveguides. 
Compared with a multimode waveguide, these mono-mode waveguide has the small cross 
section, therefore can make the observation space volume still smaller. 

[0034] In a desirable embodiment, it is immersed by one side of these fiber waveguides, or both 
edge into a sample solution. Thereby, even if access of the immersion location in a sample is 
difficult, it can measure easily in every location in a sample. 

[0035] The embodiment of further others is shown in drawing 3 , and the fiber waveguide is 
separated from the sample by the clear layer 23, without being directly immersed in a sample 22 
in this case. A part of vessel wall is sufficient as this detached core 23. Thereby, FCS 
measurement may be performed, without contacting a sample directly. To an optical fiber, this 
has a sample advantageous to things, when chemical or physically harmful. 
[0036] It is 1 to the line 35 by which the embodiment of further others of this invention is shown 
in drawing 4 , a nucleus 32 and the edge of the fiber waveguide which consists of covering 31.33 
accomplish an inclined plane in this case, and the fiber edge aspect 34 and the fiber axis-of- 
ordinate line 36 cross at right angles, more large — desirable — 1. since — 10. **** is 
accomplished. When a fiber edge accomplishes an inclined plane unlike the left of drawing 4 , a 
part of excitation light reflected by this inclination interface 34 does not return in the nucleus 32 
of a fiber waveguide. Thereby, it sets between fluorescence detection, and occurrence of a 
background signal is prevented thru/or mitigated. 

[0037] Drawing 5 shows other advantageous embodiments of this invention further, the edge of 
the fiber waveguide which consists of covering 41 and a nucleus 42 is extended by heating, **** 
is accomplished, and the vacuum evaporationo metal layer is given to the inclination peripheral 
surface from this ****. This vacuum evaporationo is performed so that the orifice 44 by which 
the diameter was made small at about 20nm of **** neighborhoods may be left behind. 
Therefore, compared with the case where a mono-mode fiber waveguide is used, the observation 
space volume is ****(ed) further. 

[0038] The enlargement **** of the fiber covered with the vacuum evaporationo metal layer 
itself is well-known from scanning indicated by the thesis of E. BETSUIHI in 189 pages and J.K. 
TORAUTOMAN of "Science" 257 (1992), E[ in / similarly / 1422 pages of "Science" 262 
(1993) ]. BETSUIHI, and R.J. Chichester, near-field, and an optical ** microscopy (SNOM). Fiber 
**** is made to **** a sample top in this SNOM. It is obtained from the brightness from which 
the image on the front face of a sample changes according to the location of the reflected light. 
[0039] In the desirable example shown in drawing 6 , the spacing d smaller than 0.1mm is kept 
from the edge of a fiber waveguide 51, and it is equipped with the board 52. The observation 
space volume 53 is further ****(ed) by changing this spacing d. 
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[0040] Do the approach and equipment which were mentioned above to measure two or more 
samples to coincidence with the combination. Therefore, signal detection uses two or more 
detectors, or can be performed by a series of multiplexer processings. An easy and cheap fiber 
technique is especially suitable for the multiplexer method ( drawing 7 ). In this case, excitation 
light reaches a sample 6 through multiplexer 4a and fiber waveguide 4b of further others from a 
fiber waveguide 4. Various excitation light reaches the different sample 6 continuously quickly, 
and the fluorescence from these is detected. In other deformation embodiments, much light 
sources are combined with a sample through a multiplexer, and the coincidence measurement by 
the excitation light of different wavelength by this is made possible. This is advantageous when 
analyzing two or more kinds of particles which show the fluorescence behavior which is different 
to the same sample volume, for example. 
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EXAMPLE 
[Example] 

As one example of measurement example 1 this invention, the equipment corresponding to 
drawing 1 was used for the underwater density measurement of the latex particle which put a 
mark by fluorescence. 

[0042] The 0.2-% of the weight concentration aquosity dispersion liquid of the polystyrene latex 
particle of the diameter of 1 10nm were stirred in the container. ****** processing of this latex 
particle was carried out by the fluorescent dye tetramethyl rhodamine. 
[0043] The fiber waveguide of the inclination end face (phi= 8.) which has the nucleus of the 
diameter of 3 micrometer was immersed into the sample solution, fluorescence was brought 
about by the Ar ion laser with a wavelength of 514nm, and it detected through 550nm wavelength 
pass filter by the photo multiplier. 

[0044] Transmitting the signal memorized by the detector to electronics correlation equipment, 
generally this correlation equipment computes correlation function k (t) corresponding to the 
following equality from the amplitude of detector signal [ as a function of time amount ] I (t) to 
the variable time T for 30 seconds. 
[0045] 

[Equation 1] 
T 

T ' 

This correlation function k (t) and the following equality [0046] 
[Equation 2] 
T 



=1 / IWx 



T«0 

Following standardization autocorrelation-functions g (t) was computed by having used the 
****** detector signal Im. 
[0047] 
[Equation 3] 

i 

It sets to standardization autocorrelation-function g (t) and ( drawing 8 R> 8). and a flow of a 
fluorescence particle is numerical t1/2. The characterized location step is reached. The curve 
shown in the small-circle form which attached the slash in drawing 8 shows the typical 
autocorrelation-function curve in the quiescence (un-flowing) latex dispersion liquid in short 
correlation time. 

[0048] Numerical t1/2 It is obtained from the plotted standardization autocorrelation function by 
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determining the original value and final value of a step. These both difference is step height h. 
time amount when a step is halved — t1 / 2 it is . 

[0049] The fluorescence particle which flows through the edge front face of the fiber waveguide 
which has the nucleus of a diameter m at a rate v is a mean time tm [0050]. 
[Equation 4] 
t - Km 
"~ 4v 

It is in the light which appears from this nucleus between **. 

[0051] Autocorrelation-function g (t) is reduced to the one half, while time amount 0.5tm 
(tm=2t1/2) passes. 

[0052] therefore, a desirable drift velocity — measured-value tl / 2 from — it is computed. 

[0053] 

[Equation 5] 

v=J"L 

Drawing 8 is t1/2 which shows the measured standardization autocorrelation function. The value 
was computed by the approach mentioned above as tl/2 =190microsecond. The RATEKKU 
particle average style rate of 6.2 mm/s is computed after this. Turning of a stirrer rate brings 
about high drift velocity or low drift velocity. 

[0054] Draw ing 9 shows the measurement fluorescent brightness as a function of latex particle 
concentration. Wide range linear relation exists between the concentration in a liquid of a 
particle, and the measured brightness, therefore such concentration in a strange sample of a 
latex particle may be determined by using drawin g 9 as a calibration curve. It is shown that both 
graphs have a measurement curve and a proofreading curve in linear relation over a large density 
range. 

[0055] When the measurement example 2 fluorescence particle is flowing under the effect of 
diffusion, the standardization autocorrelation function measured is shown by the bottom type. 
[0056] 
[Equation 6] 

rfr)=p(-J_) 

tau in a formula shows the average diffusion time which needs a particle for a wrap for spacing 
of a dimension with a particle equal to the nucleus diameter m. This time amount tau is made to 
be connected with m by the diffusion coefficient D. 

[0057] The diffusion coefficient about the spherical particle which has the m2 =4Dtau diameter a 
may be immediately computed from a particle diameter. 
[0058] 
[Equation 7] 

3ni\a 

k is [ temperature and ** of a Boltzmann's constant and T ] envelopment medium viscosity 
among a formula. 

[0059] Therefore, if curve g (t) by above-mentioned equality suits the measured autocorrelation 

function, particle size may be determined from a numeric value as a result of tau. 

[0060] 

[Equation 8] 
„ 4*7* 

3xr\m* 

This condensation may be detected by change of S value when a clear hydrodynamic grain size 
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of a fluorescence particle changes with condensation with other particles. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the drawing which explains new this invention equipment theoretically. 
[Drawing 2] When a separate optical fiber waveguide performs excitation and detection, it is the 
drawing in which the mutual location where both the fiber edge of the direction near a sample is 
desirable is shown. 

[Drawing 3] It is the drawing in which the fiber edge separated from the sample by the detached 
core is shown. 

[Drawing 4] It is the drawing which juxtaposes and explains the straight-line-like edge and 
inclination edge of a fiber. 

[Drawing 5 ] It is the drawing in which the optical fiber waveguide in which the vapor-deposited 
metal layer is prepared is shown. 

[Dra wing 6] They are the board with which it was equipped so that the space volume observed 
might be changed, and the drawing in which the fiber waveguide which will keep spacing d from 
now on and is located is shown. 

[Drawing 7] It is a drawing explaining the new experimental arrangement in the case of observing 
two or more samples to coincidence by the multiplexer method. 

[Drawing 8] It is the drawing in which the autocorrelation function measured from a signal rate is 
shown. 

[Drawing 9] It is the drawing in which the fluorescent brightness as a function of fluorescence 
grain density is shown as a graph of an observation example. 
[Description of Notations] 

1 ... The light source 

2 ... Optical fiber waveguide 

3 ... Fiber coupler 

4 ... Optical fiber waveguide 
4a .. Multiplexer 

5 ... Optical fiber waveguide 

6 ... Sample 

7 ... Index matching liquid 

8 ... Optical fiber waveguide 

9 ... Spectrum filter 

10 .. Detector 

1 1 .. Observation space volume 
13 Excitation fiber 

1 5 .. Detection fiber 

16 ,. Reflector 

22 .. Sample 

23 .. Clear layer 

31 .. Covering 

32 Nucleus 

33 .. Covering 
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34 Fiber end face 

35 Orthotomic 

36 Axis-of-ordinate line 

41 Covering 

42 Nucleus 

43 .. Metal layer 

44 .. Orifice 

51 Optical fiber waveguide 

52 .. Board 

53 Observation space volume 
[Translation done.] 
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DRAWINGS 



[Dra w ing 1] 




[ Drawin g 2] 
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(A) (B) 




[Drawing 8] 
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R»*awiif=«feyK»^e)H(«-r*±ER*«oL^-rtL3bM=«j:-6Mo 

3l#l«F*lfc3feiI*jau CiDStettlfziSLxRiiW^lljiftJl-etttt^-CL^, ±IBR*g 

[R«98] K*n=ifit^a>3fe77'-r/<*a«si»35^, o. immj:y/j>ai^at©roPiij£Bi* 

TfiftA<8»**iT^*.±ER*5I©t^*i^lcJ:**ao 

3i»ttf=ttd**iTL^,±ER*«©t^-r*iA^lcJ:*55a. 

[R#J110] R*«(l)^(9)Ol^*i3W-J:*55a*SlSfi-r6fc«!)a)S1lTf&-3r, 

»13fe7T</<*ift*(2)ICj:y77>f/«*^-(3)lz|g^$*iTL^**(1),C(D*7T-f/< 

(3) fc «fcy (6) (=|g^$tLTL^R23t7W/^a»at (4) . fc^^ms^r^/ 
«*(8)J=«|:y7T-r/<*^-(3)lCiS*$tlTl^Rtt»(10)*J|R«M. 

[R#E 1 1 ] R#JS ( 1 ) 3^6 (9) 0)^?hfr\z£Z>l5&i£mMtZ>tz&b<D%mv3b'oT . %z>7 

^/<#a»(4)i=*yK»(6)iztt^tiTi^*ai(i)fc«feot*7W/<»a»(8)(=j:yK« 

(6)t=tt*&h/Cl*«tttt»(lO)£JUIU K»tifil^0>z4i&R*7r-f 
fcEB&ttTl^ailo 

[R**1 2] lR*L<tt«»Ra>3fe77-r/<J»»t#, *^-K*WCfc*» R*B(1 0)* 

fcli(ll)l=«fc*M. 

K«*+ lc»R**iri^, R#Jl ( 1 0) t> (1 2) Ot^ttAMc &Z>mWo 

#»»*^2WRi=<fcyK«3^&il«**LrL^,R#«(i 0)^^(1 3)©^-r*i^i=«k4^ 

Jtffcft J££jsrt , R*Ji (io)«v&(i 4) <Z>1 vf K£3ggo 

R*»(1 0)^6(1 5) a>l^r*i^lcj:«M. 

T«#rt<SRS*iTl^ ±ER**0)L^*l3W=«fc-6*R[R*«18] K»lCifiL^0)3t7 
7*/<^**»*fc(4iWlci^*©Sife:77*^ 

tti»icis^ti, ^<D«aa>aj*«ii»3&<*7T-r/<»wi=«*:yKSitt^*4i*3^ % 
a^ats^Tj^uw^Lrttfiica-ri^T-f/^jfattrce^snrL^.R^^ci 
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0)^b(17)0>L^-r*LAMZ«l:*S 



[0001] 
[0002] 

[^3fcfeffi]Fcsii3K^<D3{EijiJijg. ram, saJixtt^ajs-rsfctotDftflKD^a-efc*,, 01 

ittfPhys. Rev. lott. 29(1 972)705-708MI-fc(t'SD. 7^f. E s U x;uy>fcJ:tfW, 

w, 1991 ^uxttflh ruf^x. 7)i*is* 

X^hPXn7t 0 -j(J, R. 73^ff«)«1*, 337-41 OHI-fclf&NL U hAX> 

<DR«Kli, za>.fc5fc;&acj&<E*&h.-a*4. 

[0003]FCS^lcfc^-cii, tt^tiftBjEjfelcfcytWItt^A^BiB^tir* K*4;*S»a>- 

[ooo4]^^«i:^i!)ii s aafch/cusffiMgatf/tec aorzaz«\y » c^bta 

[0005]-flftMlca;liJ^*^r B 1^Sli^M735^P>liS^fcor.Z(Dcfcd^#«^^cbr 

»ite>*u ttoraaiTfl!)»*(=feit-5!!BWfl.i»a)H«i4, jEaicawfl.i»n±rcati*. 

[0007]LfrU£#b. za>«fc5fc«RT?tt, 5fe¥S©ttfflfrbifcb*ft*R*fc**JjStf& 
-f^-f>0)+, A#©««:if7^-bX^at,L<tt*L<Ba«:»»a>aa!ttT?t<j:L^ 

[0008] 

«i=fcit*aa*?ra<E&Lto«a3tffiM»3fe¥w»«r»asi3j:i;aa**iit-r*^t-cfe«- 

[0009] 

[^a^«*1-^^o^s]^BJli^ls*0^EH^wfca^rm*J$tlrt^^^ / ^ ^fc«fct;g 

[ooio]^©aa*afcfcLxr.BjS*i**i©*7T-r/«aaat«ky7T-f/<*^ j 7i=^^ 
35^*2<D*77^/<aaaic«feyKftizaitTR»*4i*o^*ii=»«LrK»tt : Fi=«fcyttst 
**L«ii3ti*, ±E»2aatiz«fey77-r/<*^ic, zti^&*3©*7T-f/<#aaic*ytt 

$oaai::R*£ti&. 

[001 1 i*a>aait*ttai=*5L^Ttt. tftMiz&mtoztizm&Mts *7r-r/<aaaicj: 
yttwic, z*iic»(6Lrtmtt^f=*yttit**i*a3fei*, *6i=aa>*7W/<»aaic<ky 

«*oaf=R#*4v&, 

[001 3]*fc*bi=a©»$u^«aai=fc^ri*. 3t77W/<aaa«H»i*K»a*i=aa 

**i.fc*tM*±Ea»iiawaic«kyKfi^bR«**i* 0 

[001 4iBfifc«ktf aftia)fctoi=2*a>aaa)*77-r/^<affl**i«»^. ztibn-uztc 

iia*©a»3&^swa*i=aa**L*fci*aaa-(?zn^bR«**i*. 
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[001 5]£bl::tecD$?£U>H]H5Stilcfcl*Tli, tWr=ifiL^©3te77*f fS 

[001 7]lififccfc^ftJ(Dfctf)lcSiJffi(7)7r-f *<Z)-7J£7cliM75<7>ai6 
a»=±IB03l#tfL5fe»a)»fiJ,*««i*a[«36<tfc?»$*l*, 

[001 8j£fc#£Ll^«5t£*if::fc^T, ^l^ifit^Oma^^T-f/N^g^sSP^bO. 1 m 
[001 9]±ELfc*»WlcJ:*ifi*«|!B»*¥W»«r*a**16«ilfa«11tt, Sfcii^T 

-f/«*^*»«r**i ©3t7r-r/«#a«*«, ■$tz%2<D%z>T'(/<mxLWz<D77'( 
+f=*at*4i**3i::fc&KTfcy,B^^ 

[oo22]*6iz«ja>»*u^tt»«««tfci^r. »23fe7T^/<*sft*tt, *HJiicj:ytm 

©S5#»*<D-**fcl4SI»a)iSH»36<.aWJiBlill**i*. 

[OO233ffe0)»*LL^IS««»«l=fcL^T»«2*^^/<3l»e<DKftl=ifiL^<Dttl»(d:. 
»Bii:LT»J***u *0SM»*B5l::*fr-6£|*£ % /<tt»t(*^<i:t 1 ° ®ftS£j*U 

[0024]*&lC»*LL^||»«S«tfcl\rii,SmiCiftLx*<D*23fe7T^/«*a*a»l* 
3l#tf Llz«fc«5fctttLr»ja**i, d*Llzifit^ntt««lBr=:3SII*Sfc*fllA<Jfi^**LXL>*o B 

[0025]*fc»*L^SII6»«*«l=fca^,IS23fe^^/<#a*<DK»l=ifil^<DJ|»*^ 

o. 1 mmi2rF©nni!*itivc. *s##g££*i£, Bjfi. tttta)fcaoic»iffl©3fe7W/<»ai* 

[0026] 

$&r::JU*«lcKH«. 
[0027]aiii*sgEicj:S«r&fc^^^ 

-IftWlcliU— 9»5f^-K<DJ:3<i:3fe3il I** BS&fcttltU £*U**1 ©3fc? 

w/N**a§2(z^4*ti^oC0Bje3ti*7T</^^-3fcj:t;m2(D7T-r/\ < «a^4^ 

[oo283z0K»tt^6©3ia, ttttff ft* mJKtt*<l!ai$tu «43£$*i6©T-fcS#* -0 

titz&mt. mzfty-rj^mfc^T-mmzti. 7T-f/<*^-3*«-c«»«iojctt#**i 

7-r;u*9£S*-f*©jWff*u*o 

[oo29]^s^4i«fiff $m$mi4. B«3t *<»23t77-r/ <9M4o> wai^&Btt wkk 

Bfi3tett»5^P>(Dlia*^«tt(*:4i|ztt*K»tt^lc«^«.7T-r'/<a)ft*^lRl(=fc 
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^/\*#»*l*atoTa>/<*KCfc<&<DT?» *fgBJlCct:5FCS;IiJ^^;S li, EE. x>i?>M 

/^fcS^Btf^g^&c&B^iii^T^^ 

coo32]**wa>*MJ6ttfli36<jai ©(c)i=***ir*jy, erotic 3teasi -ettitfcfcfcB 

*5«fctf(B)it % Bie7r-r/<i3fc«fcr;att77-f/<i5<DpraftE«»a**-roa3w^niisai 

^-K*aai*v;u^-K*aai=jt^rBfii«A</h$<,fl6oTaaiaMe«s*&ic/h* 
coo34]»*u>n!fe§i^icfciNT. cti&7T-f/<*at©-**fci*w#©a»i*» urn®. 

[oo35]*c>ictt©*Ktt«3&<a3icg?$*i-cfcy. co)^, 7W/«#aattttft22rtiztt 
aaiai**t5ct*<. awi23(c*yKft^b»a**t-ct^, z<D»aa23(*. #sg<z>- 
arctja*. z*ii=,*:yFcsaisttK»ittttMiztttt-r*-tft<fTt>*ia*. Mtmx.nu 

C0036]**W©*6(Zffi©*«S»«A<a4lC^*lTi3y.C:a)»^ % *tt32taa31. 33 

y , 7W/<»»#a»a*jaw-iifc, ^©a»M34-cfitt«BjB3te©-**^ 77^3* 

[0037]j8l5l**aW©*bJCtta>*|IJ<j:*«tta**Lrfcy , «B41 <t+&42frbJ&&:77 
#Jte*lTl*$. aa3&<*«»aE20nma*I=*'C'J^<&**lfc^y7-fX44A< 

ai**bi::sMg**is. 

[oo38iii»aa^aa*H/ia«a)5i#tfL*ae*tt»«iLiir^x>xj257(i99 

2)a>189Mlcfclt&E. '^fcfc.fctfJ. K. h7^h^>fc«fcl/l^i:<r-^-rx>7.j262(1 993) 

fl)i422Mi^fcit-5E. K^tfc«ti/R. j. ^ix*o>aaiziaa**irL^-6x4F-^>^, - 

[0039]]^lC**|tS»m***«lCfcVTI** 7T-f/<*»*51 05ffifflJ^bO. 1 mm *y 

'h*t^madM^rtt{*52^«»*nrt^.c©iwiid«*-6zi:iz«j:yajiiffiiiiiaa53 
ii*bicaa*4i4. 

C0040]±^Lfc*3*fe*i;a«I*^©tt^li-|cJ:ya«©Ktt*H«plca(S-r*J:3lc<j:* 

*ia$. «o-c* a#aaid:« aaa>att»*ttfflLT, *fci*-aowu*?u*xMicj: 
ft'nLxnt>ti&zttfvz% 0 mrnvmrntsyr^mRit. ztizvwjwxmw?) 
izmt&o za>m^, m&wts 77^/ <iat 4^6?;^ W4a. *bicao>77W/<» 
»*4b£aT» imeica-r*. BjB3tei±a^aa-r*tW6izffia(za«LrsijaL. c*ib 

z*Liz«kyaft«afta>afi3tiz«i:*Hi*as3ft<wat3&:*tt<&. z*if*«ittf . hi; 
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[0041] 

[004231 lOnmSW'JX^V^x^^^roO. 2M%;gS7k14#iJ^#S*T'8H$ 

[OO43]3MmS0«tJtt**«|«|»»iB(9=8. )©7W/<»ift«tm»}**lCjiaU & 
ft514nm(7)T;U=fW^->U— tflZcfcy^jfe^^L, aWH&lftlCcfcy, SSOnmfcft/'? 

[0044]^»|§|CiHm*tiyc^^XU^hP-^*|^ai^iiL.B#P B 1(7)||glStLr(D^ 
tt»«*(t)0!)jl*^&, Z<D«IB««tt-ttWJ=l*30»©Rr*B*(IllTlZ»L, UlTfl)*aiC 
»J6««HM»k<t)£»ai«o 

[0045] 
HSU 

*<0=^ / /(T)KT + /)dT 

C©«HHak(t) <t JJIT<DH5£[0046] 

ca2] 

4.4 / *>* 

©vftttttM^im^ttfflLT^T^a^biaaHaagwsjicaiLfco 

[0047] 
[&3] 



s*a^©3fcaii, ft^tsBffiHnag(t) (18r>8)ic*>in-c. a«t 1/2 T-fta^H-btia 

it«»±(*aEa)7x^x»a*i=fcit**sw«:eB«HHa*-^**-r. 
[oo48]&fit 1/2 its ^□^h**tf=a«MbiH«Miia^&, x^^a>a«fiitaiifii*» 

B#Btm[0050] 

[&4] 
^ _ niw 

"~ 4v 

[0051]£EffiBB&g(t)l*.B#flf]0. 5tm(tm=2t 1/2 )#«««MI=. 

[oo52]tto-c»*u^staa*(*, »5iat 1/2 fr&*ai**i4. 

[0053] 
[&5] 
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ms&mmz*itzmttit£E.m®®m£iFtA m «i*.t 1/2 =190^1/^ ±^Ltzis&v 
[oo543a9i*^^^tt^a«©BBtttLr®iis«3tii***-r.tt^a)ai**»st, 

[0056] 
[*6] 

<DI*Wtf*tt»«ttDli«*:ymi:Ha"H:L«)&*i-6, 

[00573m 2 =4Dx»Sa**1-**tttt^ l=OL\T©a:*flk«kli, tt«S^&lt%»CjWl* 

[0058] 
[»7] 



3itT|a 

[0060] 
[fit8] 

«i©tt*fca>»i::<fcyii63tett*<DW^ 



[BBa>fiML&8tu] 

[Mimfc*J8WM*BaMlcI)lwr*Bffi^fc5o 
[MJW«a>#*W77*/<***lCcl:y»jBfc«W^ 

[M»»»i*«kytt»^&»***iri^7T^/^»**'-riaiB-e** 0 

CHZ3^^^^^»l=*ytt*K»*BI»l=llil^«»*<D,l^a)*BttK«*KW^S 

[Hs]»>^ub-h^e>a!3e**i<&ea«HB»S3RtBiiT?fc* 0 

CB9]*3fett^**©Htti:L-C0ai3fe»Jt*.B«)Stlt«©^7iLr*-rBiB-efc*o 

i • • • utm 



http , .//ww\N6.ipdl.ncipi.go.jp/Tokujitu/tiitemcnt.ipdl 



2005/06/20 



8/12 



3- - jtJ'WJv— 

4- " 

4a ■■ TJU^l/^-y- 

5- - 3t^7-f/<3|afttf 

11 • ■ aa&Mra 

13-- ig77^^ 

15- msa^T^/* 

16" JStStiS 

22- u** 

23- 

31- ms. 

32- tf^ 

33- 

34- 77<f/tt|ii 

35- fiSH 

36- &$A& 
41 •■ 

42- 

43- &JH 

44- ^"'J^X 

51- &7r-f/<»»* 

52- «{* 

53- MSffl&flt 



[1.1 1 
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[JD2] 

(A) (B) 
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